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X(K 6 — Cranial anatonnj of flu Cijiunlont rcptiC 
Th rinaxodoii I iorh in ns 

By Riciiahd Estes 1 

The material discussed here was collected hy tlie 1947 Uni- 
versity of California African Expedition, Southern Section, at 
llarrisinith, Oran^^e Eree State. The locality data is as follows: 
from llarrisinith, six miles on the Bezuitenhout Pass road, then 
two miles east to a farm, and one mile north to old stone corrals 
on the point of a hill overlookinjz: the river. These skulls wen* 
picked up as nodules, which occur on the west and north slojies 
of this point. The collectors were Dr. and Mrs. Charles L. Camp. 
The locality is in the early Triassic Lystrosanrns zone, and is 
desigiiated University of California Vertebrate Lm'alitv number 
V-:i6115. 

The specimens dealt with below include two juvenile skulls, 
which bear University of California nos. 42877 and 42878, and 
two adult skulls, U. C. nos. 40466 and 42865. The juvenile 
skulls were prepared by the use of ten per cent acetic acid 
and treatm(‘iit with (Ilyptal as described by Brink (B)57b). 
They are both crushed dorsoventrally, and lack the })ostorbital 
bars. l>adly crushed and broken lower jaws are also associated 
with each of these skulls. U. C. no. 40466 is a fully adult skull: 
its preservation is perfect and undistorted, and very little is 
missing. It was manually pre])ared by Mr. IMartin Caulkin, 
whose careful work on this specimen is ^ratefidly acknowledg'ed. 
The other adult si)ecimen is somewhat smaller, and is also well 
])reserved and nearly complete, but is slightly distorted. It was 
also prepared in acid as de.scribed above to exj)ose the l)asicraii- 
ium and the inside of the cranial cavity. 

THE dUVENlLE SKULLS 

Brink (Pi5r)) has described an association of an adult and 
a juvenile skull of Thrinaxodon liorhinus found together in the 
same nodide. The juvenile skull is incomplete behind tlie orbits. 
Juveniles are uncommon in the fossil record and the comi)lete- 
ness of the University of California specimens warrants a de- 
scription supplementary to that of Brink. 

The description is based on both skulls, and unless otherwis(* 
stated, the characters are ])reserved on both specimens. 

1 Dt'iKUtmoiil of nioluj^y. liostoii University, and Kesenrcli Associate, Miisenin 
of (\)Uiparativ(‘ Zoology, Harvard University. 
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Snout 

The preiimxillae are inissino* in no. 42878 and nnt ineoiiipletc* 
in no. 42877, but in tli(‘ latter the usual four ineisors are j)resent 
on each side. The septomaxilla is mtII developed, and has a 
posterior ])roeess inserted into the niaxillo-nasal suture, a doi’sal 
intrafenestral process, and a ventral ])alatine process. The 
])roniinent septomaxillary foramen is relatively lai*«er than 
that of the adult. 

The nasals resemble those of lar^en* individuals in bein^ nai‘- 
row anteriorly and pitted Math tiny foramina. Posteriorly they 
(‘xpand and articulate Muth the f rentals, pieTrontals, and 
lacrimals, thouo'h this region of th(‘ nasals is not as mneh ex- 
panded as in the adults. 

The maxilla has the usual shape and contacts, and is also 
stron<j:ly pitted with forauiina. The teeth will be disciiss(‘d below. 

Skull Roof and Tem})oral Reg'ion 

Tlui frontals and parietals ar(* relatively broader than those 
of th(‘ adults, and the parietals lack a sa^'ittal crest. The 
teujporal crests remain dis(*rete throu«'hout their hm^dh ; b<‘- 
tAveen them the flattened ('raiiial i-oof is narrowest just jiosterior 
to the nearly (drcular parietal foramen. The frontal dilf(‘rs in 
both si)ecimens from the condition characteristic of adult 
Thrinasodon liorhinns as follows. Each frontal sends a median 
process into the midline suture bct^veen the nasals, forming a 
wedge or arrow-shaped fronto-nasal .suture instead of the usual 
transvei-se one. The prefrontal-frontal and fronto-nasal sutures 
thus form almost a straight line. Prink {in lift., 11158) has in- 
formed me that his s])ecimen also shows this condition, but to 
a much lesser degree; thus the sutures mentioned above meet 
at a greater angle. 

The ])ref rentals are small and just touch the postorbitals. T]h‘ 
latter ai-e fragmentary, but indicate that tin* posterior extent 
of the i)ostorbital mtis at the fronto-])arietal suture or a little 
jmsterior to it. The postorbital bars are broken away. The 
jugals and s(|uamosals closely resemble those of the adults. 

The right qiiadi*ate is present on no. 42877, but it is badly 
crushed, and only a tiny dorsal spike of the quadratojugal re- 
mains in its groove in the s(piamosal. 
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Fig-, i. Dorsal view of restored juvenile skull of Thrinaxodon liorhinuti; 
X about 12.5. Abbreviations: aam, anterior ani})ulla; avsc, anterior vertieal 
seinieirciilar canal; ho, basioccipital ; hs, l)asi:’.plienoid ; c(% ('riis eomniunis; 
coch, coelilea ; cr, cochlear recess ; d.vo, derniosupraoccipital ; cc\ ectoptcryg-oid ; 
( 0 , exoccipital ; ( )>, eidpterygoid : fj, jugular foramen; fo. fenestrji ovjilis; 
fr, fenestra rotunda; fro, frontal; ic, internal carotid foramen; ir, iuterp- 
terygoid vacuity; Ju, jugal; lacrimal; m, muscle scar; ml, median line; 
mx, maxilla; na, nasal; op, opistliotic ; pa, iiarietal; pam, posterior am])ulla; 
pf, prefrontal; pi, jmlatiiie; pm, premaxilla; po, postorbital; pr, prootic ; 
ps, paras])henoid ; pi, ptei’ygoid ; pvsc, posterior vertical semicircular canal; 
dJ} quadratojugal ; <iu, quadrate; sm, sei>tomaxilla ; .sq, squamosal; .s-r, sac- 
cular recess; .si, stapes; t, paras])lienoid teeth; rf, venous foramen; ro. 



vomer. 
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Oe(M])ut 

The ocH'iputs of both juvenile speeimens are enislied, but tlu' 
tabulars and (l(‘rinosu])raoeei])itals are visil)le. In 42S78 the 
rijidit Iialf of the (lermosupraoecopital is missiufi* along’ wliat is 
probably a suture, and 42877 shows a distinet suture iu this 
region, iudieating that the l)on(^ was paired. Tlie postt(ouporaI 
foramen is relatively a little larger than iu the adult. 

Lower Jaws 

The lower jaws are badly erushed and broken in both si)eci- 
lueus; no tooth eouuts could be made and no attem])t has been 
made to figure or restore eithei* jaws or teeth. 

The augulars are relatively a little larger and more flattened 
externally than in the adults. The angular flanges are broken 
away in both s])ecimeus. 



Teeth 

The juvenile thriuaxo;Ious have a greater number of teeth 
than do the adults, though the form of the tooth is very similar. 
Brink's juvenile s])ecimeii (Brink, 19oo) shows seven teeth on 
tlu' rigid sid(\ Xo. 42877 has seven teeth on both sides, and pos- 
sibly eight on tin* left side. XV) replacement is noticeable in the 
incisot’s, though all are ([uite loose in their sockets. The canines 
are ]‘elatively small. The first three postcanine teeth on the left 
side of no. 42878 are nnicusjiid and falciform, unlike the tricuspid 
adult teeth of comparable i)osition. On the right side of no. 42878 
the fourth tooth is l)eing replaced ; the tip of the replacing tooth 
is bai'cly emergi]ig from the socket, although on the left side it 
seems to be co^npletely erupted. The replacing tooth on the 
right is bicuspid, unlike the comparable tooth in the adult, Avhich 
is tricuspid. The sixth tooth on the right side is large and has 
slipped down out of its socket. On the left side six postcanine 
teeth are present, none of which seem to show any sign of re- 
placement. However, the canine protrudes only slightly from 
the alveolus and is appai'cntly just erupting. 

Teeth in adult specimens are much larger than those of the 
juveniles. Replacement teeth in the juvenile are very little larger 
than those replaced, indicating that further replacements would 
be needed to bring the teeth up to the adult size. Brink (1955, 
])p. 75-76) eame to the same conclusion on the basis of his small 
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skull, and Crompton (19oo, p. 660 ) has sliown that some lii^-lKU* 
eynodonts also hav(‘ multi])I(‘ (i.e. non-mammalian) tooth r(‘- 
])lacement. 



Palate and P>asieraninm 

The ])alat(* and basieranium are fairly well ])r(*s(‘rv(‘d on both 
s])eeimens, l)ut are moi-e eomplet(‘ in no. 42877. The s(‘('ondary 
])alate is as well develo])ed as in fully adult Thrinaxodon 
liorhinus: the maxillae and palatines meet on a }on<>' midline 
suture. A posterioi* j)alatine foramen is jn*esent on the maxillo- 
palatiiie suture. The eetoi)tery^’oid is not pi^eserved, but a 
matrix-filled cavity on no. 42878 indicates that this bone was 
vei*y small. There is a lai-g-(‘ i)alatal i*oof component of th(‘ 
vomer, dorsal to the ehoana(‘, but the median process whi(di 
would have reached to the secondary ])alate is broken away. 

hi coiPrast to adult eynodonts, the ])tery«‘oids enclose a small 
interpteryg'oid vacuity on ('ach side of the eultriform ])rocess 
of the i)arasphenoid. l)oi*sally the basiptei-y^’oid ]n*oeesses are 
smooth, and articulate on eorr(*spondino*ly smooth v(‘rtical faces 
of tlie ])terv^’oids. just foi'ward of th(‘ internal cai’otid foramina; 
venti*ally, the median ridges of the i)te]‘ygoids eurv(‘ mediad, 
do not me(‘t th(‘ cultrifoi'in pi'oeess, and have a digitat(‘ suture 
with th(* basiiJterygoid processes. The ventral keels of th(‘ 
anterior j)ortions of the j)teryg‘oids iwr not continu(‘d j)osteriorly 
onto the rounded basiptei-ygoid tuh(u-a. The pt(*rygoids contium' 
posteriorly, but are brok(Ui before reacdiiiig tlu* (piadrat<‘s. 

The basisphenoid and ])aras])lienoid are fused, exee])t at tlu‘ 
ant(U‘ior (*nd of the basis])henoid dorsally, where a slight sepai*a- 
tion is j)i‘eseiit in the region of th(‘ ti'abecular attachimait to the 
basis])henoid, as described by Parrington ( lOdob, j). 400). T1 k‘ 
tip of th(^ eulti’ifoi‘m i)i’oeess of the paras|)henoid is suturcxl 
anteriorly to the ptei'ygoids, and the ijrocess extends posteriorly 
between the interpteiwgoid vacuities. At this point the eultriform 
process bears a ventral keel, and in the region l)etweeii the' 
prominent internal carotid foramina, it expands and bears five 
small teeth on a I’oughened ai*ea. Prom this area, tlie wings of 
the parasphenoid expand and pass back over the basioccipital in 
a squamous suture, the full extent of which is obscured by 
breakage. There is a small gap between the basioccipital and 
basisphenoid, Avhich Avas undoubtedly filled Avith cartilage. 

The basioccipital is a hexagonal bone, and bears paired oval 
depressions on the ATiiti*al surface, Avhich aati*c interpret(Ml by 
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Parrin^’ton (l!)4Gb, p. ISO) as attaelniieiits for the rcriu.^ capitis 
autirus njusc-les. These (lej)ressions are i*elatively mneli deei)er 
than tliose of lar<i‘er speeimens. In no. 42877, the left one lias a 
foramen oiienin*^’ into its lat(*ral wall, faein^- medially and a 
little posteriorly. This foramen opens into a canal, which disap- 




Fig. I2. Ventral view of restored juvenile skull of Thrinnxodon Uorhinus : 
X al)Out 2.5; for abbreviations see Fig. 1. 

pears into the nnossified area Indweeii the prootie and basioecipi- 
tal. The foramen and its canal are formed wholly within the 
basioecipital. This is certainly the same structure as that de- 
scribed by AVatson (1913, p. 220) in Diademodon, and is, as he 
sm^ge.ds, probably venous. On the posterior slope of each muscle 
pit is a smaller foramen which is directed towards the occipital 
condyles. These ar(^ also visible in the adult (see PI. 1, 2). 
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In addition, a tiny t‘(n’aiiion is present on tlu* opisthoti(t al;oiit 
midway between tlie posterior hord(0‘s of tln^ jn^nlai- foraim^n 
and the fenestra oval is. 



Otie Re^-ioi] 

The otie region is shown in detail in Fi^‘ui*e di>. Several addi- 
tions may b(* made to Farrington ’s aeeount of the feiiesti-a ovalis 
region of Thrinaxodon. Of partienlar interest is the faet that he 
describes the fenestra ovalis as eonfinent witli tli(^ “niiossitied 
region” (to Ije disenss(‘d l)elow), which for the juveniles in- 
elndes an area separating basioeeipital from basisi)lieiioid and 
prootie, exeei)t for a tiny contact with tlie latter at tlie anterior 
border of tlie cochh^ar recess (see below) in both adult and 





Fig. 3. A. Restoration of left iimer ear of juvenile Thrinaxodon liorhiniu^: 
siiperointernal view, X about 7. Dotted line indicates position of liorizontal 
semicircular canal. 

B. Restoration of left otic region of juvenile Thrinaxodon liorhinus: 
ventral view, X aliout 7. The top of the figure is anterior. Parasplienoid 
on itted to show underlving structures. For abbreviations see Fig. 1. 

juvenile. Figure dP> shows that in the juvenih*, a process of th(> 
opisthotic almost completely clos(*s the fenestra ovalis anteriorly; 
thus about three-fourths of the fenestral border is formed by the 
opisthoticj the remainder by jirootic. A jiarasplnni )id contribu- 
tion to the fenestral border is small, if iire.^ent, and tli(‘ feiu'stra 
dors not la^ach the basioc('ipital. 



\T2 
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I^)steri(>l’I^^ IVnostra ovalis is (R)nfhient witli tlie ju^ailar 
foramen tlirouj^Ii a distiiiet eliannel, lies entirely witliin 

the oinstliotie and emei'^'es within the jii»*ulai* foraiiie]i near its 
external opimin^-. Jt was ap]Rirently a eomplete canal in life, 
and must i*(‘present the fenestra rotunda. The presrnee of a 
fenestra I'otunda was tirst demonstrated in thera])sids )jy Simj)- 
son (19o‘j. p. 289) hi XijtJiosaiu'us. Olson (1944, p. 20 ) su»'«'ested 
that the peidlympliatic duet in therapsids opens into the ju^’ular 
foramen. These juvenile spe(U]iiens demonstrate that tliis was 
the case in Thrinaxoclon Uorhinus, and that a fenestra rotunda 
was ]iresent in cynodonts more ])rimitive than XyfJwsaio'Us. 

Antei'ior to tlie fenestra ovalis, a d(‘ep r('cess is present in the 
skull base. It is foianed ])rincipally in the basioccipital, except 
for its anterolateral and posterolateral cornei*s, which consist of 
])rootic and ojiisthotic, resp(‘ctiv(4y. A])i)arently a thin cartila^’e 
coating’ was present on the int(*rior of this recess, but its detinit(‘ 
sha])(^ and i*elatively smooth inmn- sui*fa(‘e indicate that it 
housed a soft structur(‘ and was not cartilaji’e filled. The re- 
cesses were i)robably covei’cd by parasidienoid in life, as in tlu* 
adult, but bi-eaka^-e has now exj)osed them on no. 42877. The 
i'(‘cess is ])artially roofed laterally by a small ])rocess of the 
l>rootic, which tends to seinirate it from the saccular recess (se(‘ 
below, and Fi^-. tlH). The i-ecess in th(‘ basioecipital is present 
only as a slight concavity in the adult. In no. 428(15 (a youn«>' 
adult in which the braincase was pr(‘pai*ed by acid) the ai-ea is 
V(U*y slightly coiu'ave, but uo distinct i*c(tss is ])resent. The 
(*onfo]-mation of the feuesti’a ovalis is V( 0 ‘y similai*, in the youu^' 
adult, to that d(‘seribed by ITirrino-ton (194()). However, in no. 
42895, the antei-olatei*al not(4i, in the lar^e opening* descril)ed by 
Farrington as the fenestra ovalis, has a smooth, finished edge 
internallv, and is confluent with the area immediately ventral 
to the antei'ior auijiiilla. This partieiilai* notch is probably the 
ventral edge of the saccular recess, wliih‘ the recess in the 
basioccipital is (‘crtainly a rece])tacle for a (*o(4ilear apparatus. 
Relative rednetion of the basioceijntal recess in the adult is prob- 
ably a result of early development of the (‘ar region of vertebrates 
and very little increase in size as adult size is reached. 

The jugular foramina ai*e lai'ge, formed between the exoccipi- 
tal and o])i.sthotic, and on their concave iiosteroimxlial liorders a 
j)air of small foramina an^ present. These are confluent with 
the condylar canal, and carried the hyjioglossal nerves. 

Tlie stapes is roughened and unfinished ])i*oximally, and evi- 
dently bore a heavy eartilage plug, fitting into the slightly 
b(‘velled sides of the fenestra ovalis. It was perhaps similar to 



KSTl-:s ; THHIXAXOnOX MORIIIXTS 



178 



tile ossified plug’ deseribed by Parriiig’ton (1955, p. 14) in 
><cijlacops capensis. Only about one-half of the articular end of 
the stapes covers the fenestra ovalis. The launainder projects 
into, and partly over, the ojicning* into the so-called ‘Oinossified 
reg’ion’^ (Parrington, 1946b, p. 185) and thus comes near the 
latei-al v^all of the cochh‘ar recess. The distal end of the stapes 
is unossified. There is a I'clatiA'cly large stapedial foramen, and 
the posterioi’ limb of the stajies is slendei’er than the anterior 
limb, the latter condition resembling that of the adult. The 
feu(‘stra ovalis is sejiarated from the ‘‘unossified region'’ by an 
anterior process of the opisthotic. Anteriorly, tlie vestibule of 
the feiK'stra ovalis is ('onfimmt with the cochh^ar and saccular 
recesses. 



Restoration of the Inner Ear 

A restoration of the inner (*ar of the juvenile (Fig. 8A) shows 
the ]K)sition and reIationshi])s of the fenestra ovalis, cochlea, and 
f(Miestra rotunda. It is very similar to that figured by Olson 
(1944, fig. lOd) for the adult Thrinaxodou, differing (diiefly in 
the ladatively thicker s(‘uii(‘ir('ular canals, exit for the fenestra 
rotunda, and presence of the cochlea. So far as the bony canals 
are ('oncerned, the ear stnictur(‘ is comparable with that figured 
by Simpson (1938, fig. 3) for late cynodonts. and later, for the 
monotreme Tachip/lossus (Simpson. 1938, fig. 2). 

rnossifi(Hl Area of the Skull Base 

The unossified area in the skull base of therapsids varies in 
extent in the vaidons groups. I'sually thei‘(‘ is an unossified 
region between basioccipital and basisphenoid, and this may 
extend into the ear region. In Thrinaxodon Uorliinus the con- 
tact between prootic and basiocci])ital-basisphenoid is mostly 
unossified in both adults and juveniles. Thei’e is almost a con- 
tact anterioi'h^ between the j)rootic and basisphenoid in the 
juveniles (see Fig. 3B), but otherwise the area was cartilage 
filled. In the young adult skull mentioned above (no. 42865), 
the unossified gap between the basisi)henoid and basioccipital 
is very small. From th(‘ ])rootic-basioc(dpital contact posteriorly, 
the side wall of the inner ear capstde of this specimen is unossi- 
fied back as far as the fenestra ovalis. At this ])oint the latter 
is separated from the unossified area by the process of flu* 
opisthotic mentioned above in the section on the otic region. This 
process is also present, thougli less diserete, in the fully mature 
skull discussed below. 
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.]iiv(‘nil(‘ ( 4iai*aL't(‘i*s of the Small SiuHommis 

The restorations Li‘iv(‘n in Fio-ina's 1 and 2 show that tlie tM’o 
small speeimens differ in few res])eets from adult Tlirinaxodon 
Uorhinns. Tlie diiferenees Mdiieh do oeenr ai*e probably the re- 
sult of juvenility. These diiferenees are discussed below. 

The ossification is ligfit, more so than mi«‘ht be expected in the 
adnlt of a smallei’ s]:>eeies. The bone is very caiieellons and 
ti'anslncent. 

All sutures arc' cleaidy visible. This is also often true of the 
adults, blit the latter have well-knit, occasionally ('omphvx and 
inter-digilated sntnr(‘s, while tliose of the small specimens are 
relatively more optni and have less comi)li(*ation. 

The preseiK'e of small interptery<»'oid vacuities can be ex- 
plained by juvenility of the sjieciimms. Presumably the pteryg’oid 
mnscniatnre was not yet well develojied ; in the adnlt, these mus- 
cles ohtiterale th(‘ vacuities by a[)pression of the medial fianges of 
the ])teiy^‘()ids apiinst the midline. In the adnlt speeimen dis- 
cussed below (see also PL 1, fi^‘. 1), the foianer position of the 
inter] )teiwu'oid vacuities shows as two slim ga’ooves on each 
side of the midline. 

The ])resence of })arasphenoidal t(Hdh in a thera])sid is unex- 
pected. Palatal teeth oji ])tei‘y^‘oids and ])alatines are found in 
,i>’orgonoj)sians, as W(dl as in othei' <>“i'on])s of mammal-like rej)tiles, 
ai]d ^Tul^•hn ( P)o8 ) has desc-rihed snb-sj)henoidal teetli in a 
small ])elycosanr. These teeth may be more consistently ]n*esent 
in thei'apsids than j)revionsly sn])i)osed. Perha])s they have 
passed unnoticed owing* to rconoval by }neclianical ])rc])aration, 
01 ' obscured in the okhn- individuals by appression of tlie 
])teryg'uids to th(^ midlim*. 

Ditfert'iK'es in tooth number hav(‘ been considered to be taxo- 
iiomii-ally significant, but individual variation hetwi^n right and 
left sides in both jnvmiiles and adults vitiates its utility. An 
(Example of ontogiuKdic variation is jirovided by the comparison 
of thegr(‘ater number of juvenih^ than adnlt teiTh in Thrinaxodon 
liorhi)iu.s with the convers(‘ situation in (dd( s(furu.s pJauicrpsi 
(JPgney, P)38, ]>. 7)12 ). 

In animals which, as adults, j)ossess ivell-developed sagittal 
crests, the lack of developiiumt of these crests in juveniles is a 
frequent ph(momenon, both in re])tiles and mammals. Thus, the 
weak tiuiiporal cr(*sts, relatively large parietal foramen, and 
fiattened skull table lietwinui the t(*m])oral crests of these small 
s])ecimens indi(‘ate theii' juvenility. 
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Tlu‘ ])i-iii(*i])a] l)etw(‘en tli(‘ riiivi^rsily of ralifoniia 

speeiimois and Brink's jnveidle one (Brink 1!)55, p. 73) is in 
tlie deg‘i*e(* of development of the anterior proje(dions of th(‘ 
frontals. 'ldi(‘se s])ines, whieli tlirust a wedge ant(*riorly between 
the nasals, are also found in Glochi}\odo}it()idcs, PhitycrauicUn^, 
and (Udfsanvns. This is aiJ])arently a vaiaable (diai'aetei- in tin* 
jnveidles of TJniua.rodou liorhi)ius, disa])peai‘ing in the adidts 
owing U) fni‘tln*r gi*owtli of nasals and frontals. 

Tile other ditf'erenees between adult and jnv(‘iiih\, pointed out 
by Brink, are iires'ent in tin* rniversity of California specimens, 
though tin* |)r(*sen(*e of incomjilete jiostorbital bars cannot b(* 
ditermined in this material. Tin* relatively very large frontal 
of tin* juv(*nile is se]iarated from the orbital margin by a very 
narrow me(*ting of the postorbital and postfi-ontal. The jiosterior 
margin of the sei'ondary j)alat(* is at tin* level of tin* fifth tooth in 
the juvenile laither than the third as in the adult. Tin* latt(*r 
may he exi)lain(*d by the gi-eater relative growth of the snout in 
tlie adult, and the greater nnmb(*r of anterior ieeth in tin* 
juveniles. 



THE ADULT SKULL 

The sjiecimen dis(‘uss(*d here also came from tin* Lysfrosannis 
zone near Jlan-ismith. and has been d(*signated U. ( '. no. 404b(). 
Plates 1 and 2 were ])r(*])ared some years ago by i\Ir. Owen Poe, 
Staff lllustratoi' for the iMiiseum of Paleontology, University of 
California. They are included hert* because* no detailed figures 
of actual s])ecimens of T. horhiuns have ev(*r been })ublisheil. 
The gein*ral anatomy of tin* adult Thrinaxodon skull has been 
elucidated by Parrington (U)4bb), and Olson (1{)44) has dis- 
cussed the ear region, but this specimen shows some additional 
points of interest. 



Foi*aniina of the Snout 

The maxilla hears a I'ow of foni* to six large supeidor labial 
foramina along its ventral exterioi* surface. Otln*]* more dorsally 
])laced foramina a]*e moi*e numei-ous, smaller, and open anterioi-ly, 
though some of the jmsterior oin*s are directed backwards. The 
anterior pai'ts of the nasals also b(*ar numerous similar foramina. 
Watson (11)31, j). 1200) has sugg(*sted that in Ericiolacnid 
these foramina indicated eithei* a mobile prolongation of tin* 
snout or highly develop(*d sensi* oi-gans such as a rhinarium or 
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viljrissae. Brink ( BloTa, p. 86) extends tliis interpretation to 
Diadcmodon, as does Attridge (1956, ]). 67) for the tlieroeephal- 
ian Mirotcvthcs. The broadly ancestral position of tlieriodonts 
to maininals may justify an interpretation of these foramina as 
indication of a rhinarinm-like struetni-e. It shonld be pointed 
out. however, tliat an equally vasenlar bone surface is present in 
some lizards. Tupi)iamhis (Teiidae) shows near identity with 
Thrinaj'odon in the shai)e, number, and distribution of these 
foi’amina. In addition, Tiipinambis shows a dendritic pattern of 
vasculai- grooves emanating from many of the more dorsal maxil- 
lary foramina. These arborizations resemble those described by 
Brink (1957a) for Diademodon, though tliey trend dorsopos- 
terioi'ly rather than anterodorsally as in Brink’s specimen. 
Tnpinamhis also has an enlarged sui)erior labial foramen, whieh 
opens forward on the maxillary surface near the posterior border 
of the external naris and is frecpiently continued into the latter 
l)y a shallow gutter. This condition dnplieates that of Ericio- 
lacrrfa, as described by AVatson. 

\Tiii Valen (I960, p. 306) mentions this vascularization of the 
snout region in Tupuiambis, but sugge.sts that the foramina 
‘4h‘om their positions and relative development to be mostly 
related to the development of the teeth.'’ On the contrary, these 
external maxillary (superior labial and lateral ethmoidal) 
foramina of lizards transmit only nerves and blood vessels 
sei'ving cutaneous structures. Dorsally, the foramina j)erforat- 
ing the nasals and dorsal ])ai‘t of tlie nasal jirocesses of the 
maxillae transmit ('UtaiKMjns braiu'lies of the lateral ethmoidal 
nei-ve. Thes(‘ serve highly vascnlai’ized and I’ichly innervated 
skin thickenings which surround the cartilaginous nasal tub(* 
(Oelrich, 1956, ]). 88). All of the snout skin is firmly attached 
to the underlying bone, with the exce])tion of the above-mentioned 
thickened area, which is slightly motile {ibid,, p. 87), though 
no moi*e so than in any otlier lizard. 

The lal)ial foramina transmit ('utaneons branches of the 
snjierior alv(*olai‘ nerve and maxillary arteiw, both serving the 
skin of the lower snout and the li]) {ibid., j)p. 62-63). The lattei' 
is vei*y weakly develo])ed in all lizards. Those bi*anehes of the 
maxillary artery and superior alveolai* ii(n*ve which serve the 
teeth are transmitted through ventrally and internally opening 
foramina in the palatal shelf of the inaxilla, and are completely 
separate from branches serving cutaneous structures. 
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The similarity of hniu' vascularization in Thrinaxodou and 
Tupinamhis su<rt>’(‘sts, then, that thcsi' foramina in thenrselves 
may not bo sufficient ovidonco to indicate the presence of asso- 
ciated extensive seci*etory, sensory, or muscular struetui’es in 
Thrinaxodou or indeed in any otlnn* theriodont. Presence of 
numerous lar^e foi*amina on the lower part of the maxilla near 
the alveolai* l)ord(‘r would, on the othei* hand, seem to preclud(^ 
the jn-esence of an (vxtensive movabh‘ musculai* eheek and lip. 
The vas(‘ular and nervous sti'uctures associated with these 
foramina would ju'obably sei've skin fairly closely united with 
the bone, for extensive moveimmt of this skin would be disad- 
vaiitag'eous. A muscular cheek, then, is probably to be eon-e- 
lated with th(' development of a postei-iorly plai'cd, sing'le, ex- 
tei-nal, infraorbital foramen as seen in mammals. So fai* as 1 am 
aware, no sin-h struedure, or even a tendency foi* such a ^-rouinn^' 
or codification of nervous and vasculai* snout strnctui-es is pi*es- 
ent in any thei*iodont. 

In summai-y, this discussion does not su«>‘ 0 ‘est that rhinarium, 
hail*, mus(ndar cheeks and mobile li]^s wei-e not pi-esent at all in 
some therapsids: i-ather, that at least some of th(‘ evidence which 
has been adduced foi* the presemee of these or similar structures 
is neeessai'ily inconclusive. An excelhnit summary of this evi- 
dence is »>iven in Yi\u Valen (1960). 

Otic Region 

Th(‘ staj)es of this adult sj)ecimen (no. 4046() ) was removed 
from the left sid(‘ and cleaned, and the region of the finiestra 
ovalis carefully prepared (PI. 2, figs. 2-5). The stapes resembles 
in a general way that desci*ibed by l^ai-rington (1955, p. 14, 
fig. 8) for Scijiacops capensis. It consists of a round head, the 
posterior two-thii‘ds of whicli fits ov(n- the fenestra ovalis. This 
head is concave, conti-asting with the bevelled ])lug of ScyJacops 
and also with the rounded head of the stapes of the juvenile 
Thrinaxodon. T1k‘ head is continued venti*olaterally by two 
slendei- arms enclosing a lai’ge sta}KMlial foramen, whiidi o])ens 
dorsoventrally rather than anterolaterally as in Sciffacops. The 
postei'ior arm is moi*e slendei*, as in tlu‘ juvenile. On the distal 
end of the bone a strong dorsal process curves jiosteriorly, so that 
the upper portion is visible ventrally. There is a smooth articula- 
tioji with the quadrate rathei* than a pronouiK'cd boss as in 
Scjjiacops. 
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Of sixa-ial intcM'est in this s])eeim(ni are thin, iuniy sheets, 
present on both sides, and attaehed lo the sli^litly thiekened 
ventral border of the epiptery^'oid. Tliese are visible in Plate 1, 
hg-ni'es 1 and 2 as irregadar sheets oeelnding tlie temporal vaeiii- 
li(s. These sheets ti‘end posteroventrally and are wrinkled and 
distoi'ted. They ai*e interjiretcxl as ossified fasciae, and thus 
dii-eetly indicate attachment of a broad, mnsculai’, aponeurosis. 
\Tnitrally on the right side, this ossified fascia ap]>roaches 
the ])ostei'ior bones of the lower jaw neai* the anterioi* part of 
tlie angular. The broad posteihoi’ attachment of the fascia along 
the antero])osteri()i* venti'al (xlge of the epipteiygoid excludes 
the ])ossibility of the fascia reflecting the ])te]*ygoid musculature. 
It agrees, howevco', with Parrington’s placement (11)55, p. 22, 
fig. 11) of th(‘ teni]R)ral muscles, and probably reflects their 
lovv'er attachment. These muscles ])i-ol.ably inserted on the ])os- 
terior bones of the loAvei* jaw (])ei‘ha])s in the fossa between the 
surangnlar and preaidicnilar ) as theii* homologue, th(‘ adductor 
externus grou]), does in Splu uodon and other i*e])tilrs. 

>SrMMAPY 

Two small skulls of Thrinaxodon UorhimiH, a cynodont reptile 
from Lowei* Triassic Karroo beds of South Afihca. show differ- 
(‘11 *es from large sp(‘cimens Avhich lea(_l to inter])i*(‘tation of the 
former as juvenile. They pi'ovide the fir.st record of para- 
sphenoidal teeth in a th^rapsid, and dimionstrate for the first 
time the pi*esence of small inter]iterygoid vacuities in cynodonts. 
The otic region shows a fenestra oval is almost wholly surrounded 
by pi'ootie and o])isthotic; a larg(‘ r(‘cess in the basiocci])ital 
anterior to the fenestra ovalis |n‘ol;ably housed a cochlea. A 
distinct channel (‘Onnecting fenestra ovalis with jugular foramen 
is undoubtedly a fenestra rotunda. In a fully adult sjiecinien, 
ossified fasciae give direct evidence of temporal muscle attach- 
ment. The presence of a highly vasculaidzed maxilla in 
theriodonts is probably insufficient evidence in itself to indi- 
cate an extensive sensoiw or muscular cheek and snout region 
of mammalian type. 
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